Definition of Physiology

Physiology is the science that seeks to explain the physi-
cal and chemical mechanisms that are responsible for the
origin, development, and progression of life. Each type
of life, from the simplest virus to the largest tree or the
complicated human being, has its own functional char-
acteristics. Therefore, the vast field of physiology can be
divided into viral physiology, bacterial physiology, cellular
physiology, plant physiology, invertebrate physiology, ver-
tebrate physiology, mammalian physiology, human physi-
ology, and many more subdivisions.



Definition of Physiology

Physiology is the study of the normal functions of the body—the
study of the body’s molecules, cells, and organ systems, and the
interrelationships among them. Because the study of medicine is
the study of abnormal functions of the body, it is essential to
understand normal physiology if one is to understand the mecha-
nisms of disease. For this reason, physiology and other important
sciences basic to medicine are introduced early in the veterinary
curticulum.



Physiological importance of Proteins

All Physiological Change Is Mediated
by Proteins

rotein Function Depends on Proten Shape an
Shape Change



Physiological importance of Proteins

Physiological roles of the proteins can be divided into:

- 1-Catalysis

Catalysis is the ability to increase greatly the rate of a chemical
reaction without altering the equilibrium of the reaction. The
majority of biochemical reactions occur at a physiologically useful
rate only because of protein catalysts, called enzymes. Examples of



Physiological importance of Proteins

Physiological roles of the proteins can be divided into:

2-Reaction Coupling

In reaction coupling, two reactions are joined together with the
transfer of energy. Energy from a spontaneous reaction (similar to
water flowing downhill) is funneled to a nonspontaneous reaction
(e.g., sawing wood) so that the sum of the two reactions is spontane-
ous. That is, the energy liberated by the “downhill” reaction is
used to drive the “uphill” reaction. This is the basic function of a



Physiological importance of Proteins

Physiological roles of the proteins can be divided into:

3-Transport

Proteins provide a pathway for the membrane transport of most
molecules and all ions into and out of the cell. Transport and
transport proteins are discussed more fully after a discussion of
the lipid bilayer membrane, the major obstacle to transport.



Physiological importance of Proteins

Physiological roles of the proteins can be divided into:

4-Structure
Proteins that form filaments and glue cells to each other and
to their environment are responsible for the structure and organiza-
tion of cells and multicellular assemblies (i.c., the tissues and organs



Physiological importance of Proteins

Physiological roles of the proteins can be divided into:

5-Signaling

The cell can send signals, and the function of some proteins is purely informational.
That is, all that some proteins transmit and transduce information. Information can

be defined as “any difference that makes a difference,” or more simply, any
difference that regulates something.



Allostery

The ability of proteins to change shape is
called allostery (Greek for “other shape”)

Common mechanisms of allosteric shape
change in proteins:
1-Ligand binding
2-Phosphorylation
3-Voltage-dependent allosteric shape change



Allostery

Ligands bind at
binding site B,
causing allosteric
change in site A

so thatitis no
longer a binding site

Ligand bound to binding site A Ligand no longer binds to site A



Allostery
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+ Charge Change in shape

Ca2* can
penetrate
o0 through
protein




Ganong’s (}J

Review of

Medical 7
Physmlogy g \

24th Editio

Gotonand Hall 11\ |\

/ o
Van 4

Medical - °
Physiology ===t

Scott Boitan
Heddwen L. Brooks

JOHN [- HAll INTERNATIONAL EDITION
MICHAEL E. HALL & LANGE




VETERINARY

DUKES’
PHYSIOLOGY | DUKESS =

WILEY Backm




Physmlogy

Sixth Edition

Edoar 1y
Colin 6. Scanes

THE

PHYSIOLOGY
OF FISHES

Fourlh Edition

Edited by David H. Evans
James B. Ciaiborne
Suzanne Currie




Body Fluids

Extracellular Fluid(ECF)

Intravascular(Plasma), Interstitial(Tissue),Transcellular Fluids

Intracellular Fluid(ICF)



Body Fluids

Concentrations of Various Substances in
the Intracellular, Extracellular, and

Plasma Fluids

CONCENTRATION (MMOLYL)

Intracellular

Extracellular

Blood Plasma

Na™* 15 140 142
K* 150 5 4
Ca2z+ 0.0001 1 2.5
Mg?* 12 1.5 1.5
Cl~ 10 110 103
HCO5 10 30 27
Phosphate 40 2 1
Glucose 1 5.6 5.6
Protein 4.0 0.2 2.5



TRANSCELLULAR FLUID

0 Fluid produced by the secretory activity of the lining epithelium of
potential spaces of the body and is separated from plasma by a
bilayer membrane consisting of a capillary endothelium & lining
epithelium

J TCF includes

— CSF \ =
— Synovial fluid (150 ml)

Interstitial fluid

— Fluid of potential spaces -
* Pleural f

* Peritoneal
* Pericardial connecive
— Fluid of eye




Internal Environment
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For this reason, the extracellular fluid is also called the
internal environment of the body, or the milieu intérieur, a
term introduced by the great 19th-century French physi-

ologist Claude Bernard (1813-1878).



Homeostasis

In 1929, the American physiologist Walter Cannon
(1871-1945) coined the term homeostasis to describe the
maintenance of nearly constant conditions in the internal
environment. Essentially, all organs and tissues of the body
perform functions that help maintain these relatively con-
stant conditions. For example, the lungs provide oxygen
to the extracellular fluid to replenish the oxygen used by
the cells, the kidneys maintain constant ion concentra-
tions, and the gastrointestinal system provides nutrients
while eliminating waste from the body.



Regulation of body functions

Nervous System

Sensory input, Integrative, Motor output portions

Endocrine(Hormone) System



Homeostatic control mechanisms
Feedback controls

Negative Feedback Nature of Most
Control Systems

Positive Feedback May Cause Vicious
Cycles and Death

More Complex Types of Control
Systems—Feed-Forward and Adaptive
Control



Negative Feedback vs Positive Feedback
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Positive feedback
can sometimes be useful

Blood clotting
Parturition

Generation of nerve signals



Gain of a control system

Gain =Correction / Error

Gain of control system
* The degree of effectiveness with which a

control system maintains constant condition 1s
determined by the gain of negative feed back
e The control system 1s not 100 % efficient

e Some error always remain ,

Gain is only applicable in negative feedback mechanism




Cell to Cell Signaling
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Cell to Cell Signaling
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Presynaptic & Postsynaptic Cells
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane

Peripheral
membrane protein Integral membrane proteins



Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane

Simple diffusion
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane

Outside 3Na*

Inside



Physiology of Cell(Plasma) Membrane

Ma* Glucose




Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Cell(Plasma) Membrane
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Physiology of Excitable Cells
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Physiology of Excitable Cells

Resting Membrane Potential(RMP)

&

Action Potential



Physiology of Excitable Cells

Table 5-1 Resting Membrane Potential in Different

Cell Types

Cell Type
Neurons
Skeletal muscle
Smooth muscle
Cardiac muscle
Hair (cochlea)
Astrocyte
Erythrocyte

Photoreceptor

Resting Potential (mV)
—60 to =70

-85 to -95
—50 to —-60
—80 to —-90
—-15 to —40
—80 to —-90
-8 to —-12

—40 (dark) to —70 (light)



Physiology of Excitable Cells

Action Potential

Depolarization & Repolarization



Physiology of Excitable Cells
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Physiology of Excitable Cells

Silver—silver
chloride
electrode

Owershoot

Millivolts

Resting

I 1 I Ll 1 1 Ll I
8] 01 0.2 0.3 04 0.5 0.6 0.7

Milliseconds



Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells

Postsynaptic Potentials

EPSP & IPSP



Physiology of Excitable Cells

1. Action potential reaches
presynaptic terminal region
leading to neurotransmitter release

3. Integration of postsynaptic potentials
at initial segment of axon triggers action
potential if threshold is exceeded

Threshold

2. Released neurotransmitter
binds to postsynaptic
receptors leading to

postsynaptic potentials e
% 2



Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells

Actin filaments Myosin filaments



Physiology of Excitable Cells
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Physiology of Excitable Cells
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Strength of muscle contraction

Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells

Myosin filaments

Cell membrane




Physiology of Excitable Cells
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Physiology of Excitable Cells
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Physiology of Excitable Cells
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Neurophysiology
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Neurophysiology

Diencephalon




Neurophysiology




Neurophysiology

Fig. 8.9 Left to right, Three stages in the closure of the neural plate. 1, Neural plate; 2,
notochord; 3, paraxial mesoderm; 4, endoderm; 5, neural tube; 6, somite.



Neurophysiology

Fig. 8.14 Formation of the {A} caudal ventral, (B) rostral ventral, and (C) dorsal flexures
{arrows).

| JRPGIEERW DERIVATIVES OF THE NEURAL TUBE

Primary Division Subdivisions Major Derivatives

Lumen

Cerebral cortex

Basal nuclei
Telencephalon

Limbic system

Prosencephalon

Epithalamus
Diencephalon Thalamus

Hypothalamus

f,’___Tectum (corpora
quadrigemina)

Mesencephalon . Tegmentum

Cerebellum

Metencephalon <
Rhombencephalon < Pons

Myelencephalon Medulla oblongata

Remainder of Spinal cord
neural tube

Lateral ventricles (paired)

Third ventricle

Mesencephalic agueduct

Rostral part of fourth ventricle

Caudal part of fourth ventricle
Central canal




Neurophysiology

{

Motor cortex:
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Neurophysiology

Fig. 88 \Vertebrate brains illustrating the phylogenetic development. The increase in
volume and complexity of the telencephalon and cerebellum is most striking. (A} Fish
(carp}; (B} reptile {python); (C) bird {duck); {D) mammal (cattle); (E) mammal (human). 7,
Telencephalon; 2, mesencephalon; 3" and 3", metencephalon (3" archicerebellum in A-C;
3" neocerebellum in DJ; myelencephalon; 5, spinal cord.



Neurophysiology
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Neurophysiology
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Neurophysiology

Sensory signals
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Neurophysiology
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Neurophysiology
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tendon organ

v Motor neuron

Intrafusal muscle fibers

(muscle spindle)

Muscle spindle

Golgi tendon organ o =pem

sensory neuron .
L Golgi tendon organ

a Motor neuron

Extrafusal
fibers

Primary spindle
sensory neuron (la)

Secondary spindle
sensory neuron (1)

Extrafusal muscle fiber



Inhibitory
neuron

Neurophysiology

neuron ~ Moior neuron

Spindle
sensory neuron

o Motor
neuron

Intratfusal
muscle

Spindle
receptor

Extratfusal
muscle

Antagonist
extrafusal muscle




Neurophysiology
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Neurophysiology
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Neurophysiology
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Cerebellum

Brainstem Cerebrum

Spinal cord
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Neurophysiology

The Corticospinal (Pyramidal) Tract Is a
Direct Projection From Cerebral Cortex to
Spinal Cord Responsible for the Most Skilled
Voluntary Movements of Mammals

The Rubrospinal Tract Is a Lateral The Basal Ganglia and Cerebellum
Brainstem Motor Pathway That Can  Modulate the Activity of Motor System
Control Distal Limb Musculature Components for the Respective Selection

Associated With Skilled Movement  and Adjustment of Movement

The Reticulospinal and Vestibulospinal
Tracts Are Medial Brainstem Motor Pathways
Important for Keeping the Body Upright
Against the Pull of Gravity
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Dorsal Column—Medial Lemniscal System

L.

S

Touch sensations requiring a high degree of localization
of the stimulus

Touch sensations requiring transmission of fine grada-
tions of intensity

Phasic sensations, such as vibratory sensations
Sensations that signal movement against the skin
Position sensations from the joints

Pressure sensations related to fine degrees of judgment
of pressure intensity

Anterolateral System

i
2.

3.

e

Fain

Thermal sensations, including both warm and cold
sensations

Crude touch and pressure sensations capable only of
crude localizing ability on the surface of the body
Tickle and itch sensations

Sexual sensations
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Central nervous system

1 motor neuron Skeletal

muscle

Somatic nervous system

Central nervous system

@ Smooth
muscle
2-neuron system
‘ Cardiac
muscle
Postganglionic

. Ganglion

Preganglionic ‘ Glands

Autonomic nervous system
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Head
ganglia To smooth muscle,

Cranial nerves glands of head
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Autonomic Nervous System Somatic Nervous System
Parasympathetic Sympathetic
i L o
ACh ACh ACh |2 ACh ACh
v b v £ hd v
=
5
@ 5 Skeletal
= = muscle
-
Epi, Norepi
via the blood
ACh MNorepi = ACh
4 Exocrine gland secrations 4 Splenic contractions + Sweating
4 Gl smooth muscle 4 Force of cardiac muscle = Dilate skeletal muscle
contractions contractions blood vessels
¥ Heart rate + Contraction of Gl smooth
= Constrict pupil muscle )
« Constrict peripheral blood
vessels
* Dilate bronchial airvays
= Dilate pupil
Cholinergic Adrenergic
Meurotransmitters [ ACh = Acetylcholine Morepi = Morepinephrine

(N> Nicotinic o>  Alpha
@ Muscarinic Beta

Receptors
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Table 10.1 Innervation of tissues and organs by the autonomic nervous system.
Target organ and tissue Sympathetic division Receptor type Farasympathetic division
Skin
Apocrine sweat glands Increase in secretion B —_
Merocrine sweat glands Increase in secretion M, —
Arrector pili Erection o —
Eye
Iris: dilator muscle Pupillary dilation e, —
Sphincter muscle — — Pupallary constriction
Ciliary muscle — — Contraction {near vision)
Lumg
Bromchiolar muscle Fela=ation (18 Contraction
Heart
58 node Increase in heart rate [ Decrease in heart rate
A% mode and Purkinje fibers Increase in conduction velocity [ Decrease in conduction
welocity
Atnia, wentricle Increase in contractility L8 Decrease in cantractility
Arterioles
Skin and mucosa Constriction ot —
Salivary glands Constriction o —
Cerebral Shight constrictiaon o —_
Skeletal muscle Drilation (18 —
Zoronary Dilatican [ Slight dilation
Pulmonary Dilation B, —
Abdominal viscera Constriction ot —
Weins (systemic) Constriction, Dilation at, i, —_
Gastrointestinal system
Stomach, intestinal tract Decrease in motility™ a5, Increase in matility
Sphincters Contraction e Relaxation
Gastric gland Decrease in secration e, Increase in secretion
Gallbladder Felaxation [ Contraction
Liwver Glycogenalysis, gluconeogenesis aw,, i, Glycogen synthesis
Pancreas
Acini Decrease in secretion ot Increased secretion
Islats Decrease in secretion [N —_
Adrenal medulla Secretion of E and MNE M —
Kidney Rerun secration [ —
Urinary bladder
Detrusor muscle Relaxation B, Contraction
Trigone and sphimcter Contraction e Relaxation
Reproductive organs
Peris Ejaculation e, Erection
Literus {(pregnamt) Contraction o Wariable
Literus {nonpregnant) Relaxation B Wariable
Glands
Lacrimal Slight secretion [ Increase in secretion
Salivary Hlight wviscous secration [ Increase N watery secretion
Masopharyngeal —_ —_ Secretiaon
Fineal Felatonin synthesis B —_
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Physiology of Respiratory System

Alveolar Ventilation is the Fresh Air Per
Minute That Reaches Perfused Alveoli While
Dead Space Ventilation Remains in the
Conducting Airways

Anatomic Alveolar
Equipment dead space dead space
dead space ( e

s

Bronchioles
Obstruction of blood

p—="flow to alveolus

Trachea Bronchl

Perfused alveoli
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50% - 70% 12% - 20% 12% - 20% 6% - 10%
Masal cavity, | _Trachea || Bronchi_ ||Bronchioles]|
pharynx,
larynx




Physiology of Respiratory System

» Fig. 45.11 Effect of change in lung volume on airway resistance. The airway is represented in the
diagrams on the right side of the figure by the large circle, to which are attached alveoli, the septa of
which link the airway wall to the pleural surface. As lung volume increases, the alveolar septa become
stretched, apply tension to the airway walls, and thus dilate the airway and reduce resistance. FRC,
Functional residual capacity, R\ residual volume; TLC, total lung capacity.
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